Purpose The purpose of this paper is to comprehensively characterise the current use of electronic health records (EHRs) and personal digital assistants (PDAs) among family physicians in Florida; and to compare family physicians with other doctors with respect to the functions commonly used on their EHR and PDA systems. Methods A postal survey was sent to family physicians (n=2076) and other doctors with a clear and active licence in Florida (total n=14 921). To examine factors among family physicians related to EHR and PDA use, binary logistic regression modelling techniques were utilised. Chi-square analysis was used to compare EHR and PDA functions between family physicians and other doctors. Results A total of 4203 responses, of which 756 were from family physicians, were available for the current study (28.2% overall response rate). EHR use among family physicians was significantly related to large practice size, urban location and young physician age, after controlling for confounders. Likewise, PDA usage among family physicians was independently associated with male gender and younger physician age. Additionally, even though no differences in overall EHR adoption were found, family physicians, when compared with other physicians, were significantly more likely to be using a more robust set of EHR functions. This included allergy and medication lists, diagnosis, problem lists, patient scheduling and educational materials, preventive services reminders and access to reference material. Conclusions Even though family physicians utilise many EHR and PDA functions more commonly than other physician groups, the overall level of EHR adoption among family physicians remains low. Until more barriers to the use of EHR are minimised, the goals of the Future of Family Medicine Report to broadly implement EHR and other health IT functions will not be fully realised.
Introduction
In 2001, the Institute of Medicine issued a recommendation to commit to steps that 'should lead to the elimination of most handwritten clinical data by the end of the decade'. 1 In response to these recommendations, persistent problems in the United States (US) healthcare delivery system and concerns about the status of the family medicine discipline, seven national family medicine organisations, including the American Academy of Family Physicians (AAFP), American Academy of Family Physicians Foundation (AAFF) and the American Board of Family Practice (ABFP), initiated the Future of Family Medicine (FFM) project in 2002. 2 The FFM project recognised that an integral part of improving the practice of family medicine is having electronic health records (EHRs), as well as having information on evidence-based medicine in a readily accessible format. Family physicians in an evolving healthcare system require tools such as these, which will help manage the intricate work of patient care. EHR and personal digital assistants (PDAs) (for example, Palm Pilots or Pocket PCs) when adopted will allow the family physician to have easily searchable, up-to-date reference materials and patient records.
Recognising the importance of having EHRs and PDAs in the modern primary care practice, a number of studies have examined the use of each of these technologies. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] Acting as important benchmarks, these studies offered the first glimpses into the adoption of EHR and PDAs in specific settings or by specific groups of physicians. The majority of studies examining PDA use by primary care physicians, for instance, focused on the academic setting. [4] [5] [6] [7] [8] [9] Consequently, the results of these studies might not be applicable to nonacademic and community settings. Similarly, EHR use has been studied in populations of academic or researchoriented primary care physicians. [10] [11] [12] [13] [14] Separate research has also been presented on primary care physicians' EHR use in the urban setting 3 as well as in the rural primary care setting. 12 Moreover, case studies and analysis of post-EHR implementations are common, [15] [16] [17] [18] [19] as are studies of primary care physicians' use of specific EHR functions or applications. [20] [21] [22] Each of these efforts has contributed to the overall understanding of primary care physicians' adoption of these important technologies; however, each existing study tended to focus on only one specific type of family physician. For example, a large study from 2000 showed that EHRs were present in 17% of family medicine residency programmes.
14 Likewise, a broad email survey of AAFP members in 2003 reported that 23.5% use EHRs. 23 However, given the population studied, methodology employed and the relatively low response rate obtained, those data might have been biased towards higher IT use and might not be generalisable to a broader population of family physicians. Another study of a comparatively large population is the study of information technology (IT) use by active members of the Indiana Academy of Family Physicians (IAFP). 24 This study provided a better understanding of the IAFP members, reporting that 14.4% of respondents were EHR users in 2002.
Given the efforts from the FFM report and other national initiatives, it is important periodically to assess the IT adoption progress in various health marketplaces. 25 To characterise the current state of EHR and PDA use by family physicians more comprehensively, we conducted a secondary analysis of recently collected data regarding IT use among physicians in Florida. Specifically, we were interested in the factors that are associated with the use of these technologies among family physicians. In addition, we analysed the functions for which family physicians typically use their EHR and PDA, and compared these trends with EHR and PDA functions used by other doctors. The current study represents a large-scale effort to understand IT adoption in one geographic area, where regulatory, reimbursement and medico-legal issues are more uniform.
Methods
In the present study, we specifically focused on family physicians and compared them with all other physicians that participated in a study designed to assess the level of IT use in Florida. We developed a survey based on a comprehensive literature review. To establish content and face validity for the devised questions, we solicited expert advice from scholars in medicine, health informatics and health policy. Numerous iterations of the questionnaire resulted in a first draft instrument which was cognitively tested with a panel of physicians for clarity and readability. Additional clarifications and revision to individual items resulted in the final version of the questionnaire.
The survey, along with a cover letter, was mailed to 14 921 physicians practising in the ambulatory setting. We targeted allopathic and osteopathic physicians with a clear and active Florida medical licence. A list of all such physicians was obtained from the State Department of Health, which maintains this list for licensure purposes. Because of the nature of the study, physicians who do not traditionally practise in an ambulatory setting were excluded (for example, radiologists, pathologists, anaesthesiologists and emergency physicians).
The survey was designed to focus on IT use in general and specifically on PDA and EHR use. Those respondents who indicated that they routinely used PDAs were asked, from a list, which functions they used. This list was derived from the available literature on medical PDA use. Similarly, those who indicated routine EHR use were asked, from a list, which EHR functions were available in their office practice. In the survey, we defined EHR as 'a paperless form of the medical record that requires the provider to enter patient information (i.e. clinical notes) into a computer system instead of doing so on paper'. This list of EHR functions was derived from the Institute of Medicine's list of desirable EHR functions. 26 The questionnaire and cover letter were mailed to every primary care physician in Florida and a 25% stratified random sample of specialists. A second mailing occurred after a number of surveys were returned due to unknown or changed addresses. Surveys were tracked by a six-digit identification code. Four weeks after the initial mailing, non-responders were mailed a second packet. Those indicating that they were no longer seeing patients were excluded. The questionnaires were mailed back to, and processed by, the Florida State University Survey Research Laboratory where the data were entered into a computer database and subjected to data verification and cross-check methodologies. Additionally, the project received approval by the University Human Subjects Committee.
Variables and measures
To be as accurate and broad as possible, family medicine physicians were identified as those who reported on the questionnaire that the majority of their clinical time was spent practising family medicine. To examine physician age, we categorised age by decade. Practice size was categorised similarly to previously published work 27 to allow for comparisons. The categories of practice size included those in solo practice, those with 2-9 physicians, 10-49 physicians and 50 or more physicians.
To examine rural and urban physician practices we used the following three criteria of rurality: 1 the 33 statutorily designated rural counties in Florida 2 physicians practising in rural areas of non-rural counties as designated by the Rural Urban Commuting Area (RUCA) codes 28 3 the current Health Resources and Services Administration list of defined Florida rural zip codes.
These three sources were used in order to capture an accurate and broad sampling of rural physicians in the state.
Statistical analyses
To examine the factors among family physicians that were related to EHR and PDA use, we used binary logistic regression modelling techniques to compute adjusted odds ratios. In our models, independent variables included gender, race/ethnicity, age, practice size and type (multi vs. single specialty), as well as geographic location (rural vs. urban). In addition, we compared trends in EHR and PDA use, including functions available and utilised, between family physicians and other specialists. To do so, we used descriptive statistics, chi-square test, independent sample t-tests and analysis of variance as appropriate. All analyses were computed in SPSS version 13.0 and significance was considered at the P<0.05 level. Lastly, as recommended by survey research experts, we investigated the potential for response bias. 29 To do so, we compared respondents and non-respondents with respect to known demographics, and compared early and late respondents with respect to attributes of the survey that might influence participation.
Results
Of the 4203 surveys returned in the overall study (a 28.2% participation rate), 756 respondents (18%) reported themselves as family physicians. The response rate for family physicians did not differ from the overall rate. Demographic and practice characteristics of the family medicine respondents are shown in Table 1 . Average age of respondents was 50.74 years with a range of 30-84. The majority of family physicians were male (74.1%) and worked in a single specialty (63.6%) and/or urban (90.4%) practice. Also, many of the family medicine respondents were either in solo practice (37.9%) or had 2-9 physicians in their groups (48.3%). An additional 10.4% and 3.4% were in groups of 10-49, or more than 50 physicians, respectively.
We did not identify any evidence of response bias. First, with respect to demographic and practice characteristics, those who responded to the survey did not differ meaningfully from those who chose not to participate. Second, we were unable to identify significant differences between early and late responders with respect to key questions in the survey likely to influence participation. A more complete report of our response bias analyses has been published elsewhere. 30 
PDA and EHR use by family physicians
When specifically looking at the family medicine physicians, 38.5% reported routine PDA use. Factors significantly associated with routine PDA use by family physicians included age and gender (see Table 2 ). For example, those aged 61 or older were significantly less likely than younger physicians to report routine PDA use (OR=0.34, P<0.05). In addition, females were significantly less likely than males to report PDA use (OR=0.35, P<0.01) after controlling for other factors in the model. Among the family physician respondents, 23.3% reported routine EHR use. Demographic and practice characteristics related to routine EHR use among family doctors appears in Table 2 . For example, those who reported routine EHR use tended to be in practice sizes of 50 or more physicians, rather than in solo practice (OR=11.24, P<0.05). EHR users were also less likely to be from a rural geographical location (OR=0.48, P<0.05). Moreover, EHR use was significantly less likely in the oldest categories of age (51-60, and 61 years or older) when compared with those 40 years or less (OR=0.32, P<0.05). 
Family physicians vs. other physicians
Family physicians reported significantly higher rates of routine PDA use when compared with their counterparts who are practising in other specialties (38.5% vs. 34.6%, P=0.042) (see Table 3 ). 
Discussion and conclusions
Information technologies promise to help physicians improve the care delivered in ambulatory settings. Specifically, family physicians can enhance their decision making and the quality of care in their practice by using PDAs and EHR systems. Given the importance of these technologies, the current study was designed to better understand the adoption of PDAs and EHRs by family physicians in Florida. In addition, we explored the functions for which family physicians commonly used these technologies and compared their usage with other physicians. Overall, the current study suggests that family physicians use PDAs, and the varied features of PDAs, more frequently than other physician peers. This trend may be explained by the fact that there is a greater need for information access in the broad scope of care delivered by family physicians. Nevertheless, fewer than 40% of family physicians indicate currently using a PDA. Moreover, female family physicians and those aged 61 or older were significantly less likely to use a PDA in the scope of their practice. As younger physicians begin replacing older ones in the workforce, we expect the age-related trend to dissipate. More research may be needed to better understand why female Florida family physicians are less likely to use PDAs even after controlling for multiple confounders.
The present study also suggests that the PDA functions used more commonly by family physicians might improve the safety and quality of care received by their patients. For example, family physicians were more likely than other doctors to use their PDAs for drug referencing, checking for medication interactions, accessing reference material, weight-based dosing and dictation. Research suggests that these types of functions are likely to have important positive influences on the quality of care in the ambulatory setting. 31 When considering EHRs, family physicians did not differ from other doctors with respect to utilisation rates. However, family physicians seem to be more robust users of EHR systems. That is, current family medicine EHR users are significantly more likely to be using a variety of important functions, listed by the Institute of Medicine as essential components of future EHR systems. 26 For example, among all EHR users, family doctors are more likely to be using their systems to keep track of allergy and medication lists, diagnoses, problem lists, patient scheduling and electronic prescribing of medications. Additionally, family physicians were more likely to use their EHR systems to access reference materials, get coding advice, and to provide patient education materials. Collectively, it would appear that given the broad nature of a family medicine practice, family physicians cannot tolerate a 'bare bones' EHR system. Nevertheless, overall EHR use among family physicians remains low. Given that approximately 25% of all US outpatient visits occur in a family physician's office, the low levels of EHR use, in this population, will affect the entire healthcare system. 32 For example, evidence suggests that EHR can improve the quality of care by improving compliance with recommended preventive services. 33 Failing to provide adequate preventive services may result in complications and more expensive care for patients who are subsequently cared for in secondary and tertiary settings. Additionally, when sharing information with other specialty colleagues, an EHR system makes exchange of pertinent patient information and test results substantially more efficient. 34 Low levels of EHR adoption among family physicians therefore has important implications system-wide.
For the national goal of universal EHR adoption to occur in the ambulatory setting, the entire specialty of family medicine will need to be engaged. 25 The present study suggests that family physicians in rural and smaller practices (nine or fewer physicians) are particularly important to target with adoption efforts, given that they are already significantly less likely to be using such technologies in Florida. This trend is probably attributable to the economies of scale that larger practices have in terms of increased access to both financial and human resources. If these and other barriers are not minimised, we will continue to see disparities in EHR adoption rates between large and small, and rural and urban, practices. Similar to the findings related to PDAs, age was found to be negatively Several limitations with the current study have been identified. First, consistent with self-reported surveys, the study relies on the willingness and ability of participants to give accurate responses. Moreover, the self-reported nature of how family physicians were identified in the current study might have included other physicians who, for example, are general practitioners. Nevertheless, this methodology is likely more efficient in identifying family physicians who are not members of the AAFP or their state family medicine organisations.
We also recognise that the survey response rate, although higher than comparable previous studies, could be a limitation. 23, 35, 36 However, upon employing common methodologies used to detect bias, we failed to identify the presence of response bias. 30 Lastly, because the purpose of the study was to identify the use of PDAs and EHRs by family physicians in one state, the results of this study should be generalised to other geographic regions only with caution.
Future research is needed to continue monitoring the use of information technologies by family physicians in Florida and other areas of the country. More work is also needed to investigate the behaviour of IT vendors in the marketplace. We hypothesise that vendors could have developed more EHR products for physician specialists given the relatively narrower set of clinical applications that would need to be accommodated in the programming for such systems. As newer and more robust products become widely available, and more affordable, EHR utilisation might increase among family physicians.
In conclusion, given the FFM project goals of transforming and renewing the specialty of family medicine to meet the needs of an ever-changing society, widespread and robust utilisation of EHR will be essential. Information technology has been described as 'a spark to revitalise primary care' and yet many barriers to implementation persist. 37 If we are to move toward an improved healthcare system, we must be aware of current IT utilisation patterns and address any implementation barriers.
